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ABSTRACT 
Interpersonal judgements have been explored in three studies reported here. The first 
investigated the visual information extracted about other pedestrians at a range of 
interpersonal distances. The second study examined judgements of threat intent based on 
facial expressions and body postures and found that only a few expressions/postures were 
judged repeatedly to present, or not present, a threat – the level of consistency is low. 
The third experiment sought forced choice judgements of emotion or gaze direction after 
1000 ms exposure with 18 combinations of lamp, luminance and interpersonal distance. 
Results for judgements of emotion from facial expression suggest a minimum luminance 
on the face of 0.1-1.0 cd/m2 if facial expressions are to be recognised at 4 m, but above 
1.0 cd/m2 for identification at 10m. 
Keywords:  Road lighting, Pedestrian, Facial Recognition, Intent 
1. INTRODUCTION 
Lighting in residential roads is intended to enhance the safety and perceived safety of 
pedestrians. One aspect of safety is the ability to make judgements about the intent of 
other pedestrians, i.e. whether or not they present a threat (Simon et al, 1987). A basis of 
current guidance is that lighting should enable facial recognition at a minimum distance 
of 4m, suggested to be the minimum distance at which an alert person would be able to 
take defensive action if threatened (Caminada and van Bommel, 1980). Hence, past work 
has frequently attempted to establish whether facial recognition is effected by the spectral 
power distribution (SPD) of lighting. The findings so far are inconclusive, with some 
studies suggesting a significant effect whilst others do not. Furthermore, these findings 
may be of limited value as recognition is not the same as judgement of intent so there 
may be different effects of lighting (Fotios & Raynham, 2011). Also, the literature does 
not conclusively support the assumption of the 4m critical distance, with clear variations 
in comfortable interpersonal distance with the procedure by which it is measured (Fotios 
& Yang, 2013a). 
This paper investigates the judgements that pedestrians might make about other people 
when walking after dark and how these judgements may be affected by characteristics of 
road lighting, primarily the amount and SPD of light. Such data are sought to contribute 
to investigations of design criteria for lighting in residential roads. 
2. INTERPERSONAL DISTANCE AND PERCEIVED FEATURES 
A first study was carried out to investigate the visual information extracted about other 
pedestrians at different distances from the observer: 15m, 35m, 66m, and 135m (Yang & 
Fotios, 2012). An open response task was used in which test participants were instructed 
to report all the information they could about the target pedestrian, these being 
photographs of unknown people printed at different sizes to represent different inter-
personal distances. Four targets were used (Figure 1). These were photographs of four 
different people on a neutral background. Each of the four targets was presented at all 
four distances, thus giving 16 target images. Test participants sat facing the target images 
(Figure 2) and the targets were indirectly lit using tubular fluorescent lighting. The white 
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wall surrounding the target images had a mean luminance of 1.0 cd/m2. The luminance of 
the neutral surround on each image was approximately 0.5 cd/m2. Following 15 min. 
adaptation participants observed four images in sequence: each of the four target images 
was seen at one of the four target distances, and these were presented in a semi-random 
order. Participants were instructed to report all the information they could about the 
target person without a time limit. The experimenter recorded which items were correctly 
reported. A practise image was presented before any trials. Twenty test participants 
carried out the test: nine were male; 15 were young (aged 18-34 years old) and five were 
in the 35-54 age group. 
 
 
 
 
 
 
Figure 1 – The Four Targets used in 
Interpersonal Distance and Perceived Features 
Trials 
Figure 2 – Schematic Diagram of Interpersonal 
Distance and Perceived Features Trials 
Reported features were placed into one of 14 categories of features (Yang & Fotios, 2012) 
to enable analysis by the frequency with which each feature was correctly identified 
during trials. At 15 m most features (except hair colour and facial expression) were 
mentioned correctly in at least 50% of trials; at 66 m, only gender, hair length, type of 
lower clothing and build were correctly reported in more than 50% of trials, and at 135 m 
no features were correctly reported more than 50%. 
Figure 3 shows the relationship between distance and frequencies by which individual 
features were mentioned, grouped according to the apparent trend. For group 1 (gender, 
hair length, and build) correct responses were gained at an approximately consistent level 
of between 75% and 100% for the nearer three distances. It was only at the longest 
distance, 135 m, that a large reduction was found. For group 2 (type and colour of 
clothing on upper and lower body, age group, and shoe colour) there is an approximate 
linear relationship between log distance and frequency of correct mention and for all six 
items there is a high frequency of correct identification at the nearest distance. For group 
3 (ethnic group, shoe type, and facial expression) correct mention at the nearest distance 
is only approximately 50%, and subsequently decreases to less than 25%.  
These data provide some clue as to what features of other pedestrians might be important 
and whether these features are distinguishable at different distances. 
 
 
 
 
 
 
 
 
Figure 3 – Frequencies by which features 
were correctly identified at different 
distances. (Group 1: gender, hair length 
and build; Group 2: type & colour of 
clothing, age group and shoe colour; 
Group 3: ethnic group, shoe type and 
facial expression.)  
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3. EXPLORING JUDGEMENTS OF THREAT  
Past work suggests that visual cues as to intent include facial expression (Etcoff & Magee, 
1992) and body posture (Ekman & Friesen, 1969), but the performance of these tasks 
under low light levels and different SPD is yet to be examined. A problem with 
evaluation is that judgements may vary within/between subjects, and such inconsistency 
may confound interpretation of the effect of lighting, if any. Thus a study was carried out 
to determine the repeatability of judgements of intent based on facial expression or body 
posture. 
Test participants were presented with 120 images in random order, these being 72 facial 
expressions and 48 body postures, and asked to state whether or not the target would be 
considered threatening if encountered alone after dark. For facial expressions there were 
12 targets (6M, 6F) with two each in the young, middle and older age groups. For each 
target there were six expressions, angry, disgust, fear, neutral, happy and sad. 
Participants were required to make rapid judgements on a set of 12 expression and 12 
postures and this was typically within 2s per image. Each facial expression of a particular 
target person was seen by eight participants. Trials were carried out under daylight or 
office lighting. Figure 4 shows examples of the target facial expressions. The size of the 
targets was chosen to present the images at the visual size at 4 m for facial expression. 
The 48 participants (27M, 21F) included 37 younger (18-34 yrs) and 11 older (35-59 yrs). 
 
 
 
 
 
Table 1 shows the results of trials for facial expressions. These are the frequency by 
which a target was considered to be a threat from the 16 trials (two target images in each 
expression category$IUHTXHQF\RI12 ZDVFRQVLGHUHGWRSUHVHQWDFRQVLVWHQW
threat and a frequency of 4 (25%) was considered to be consistently non-threatening. It 
can be seen that happy and sad facial expressions yielded a consistent judgement of not-
threat; disgust and neutral were near consistent (4 of the 6 types of target); but anger and 
fear did not lead to consistent judgements of threat. A similar low level of consistent 
responses was found for judgements of body posture. 
Table 1 – Results of Threat Judgements: Facial Expression 
Target Facial expressions (/16) 
Gender Age Angry Disgust Fear Happy Neutral Sad 
Male Old 8 4 1 1 3 0 
Male Middle 9 10 6 3 10 1 
Male Young 14* 8 4 1 2 2 
Female Old 6 3 5 1 1 1 
Female Middle 7 3 5 0 7 3 
Female Young 6 2 4 0 2 0 
  *NOTE: items with grey background denote consistent judgements 
Further study was carried out using happy and angry facial expressions (and happy, fear, 
and angry body postures), these being the most likely to lead to consistent judgements 
(Fotios and Yang, 2013b). While happy expressions led to judgement of not-threat in all 
cases, this was less certain for angry expressions and threat judgements. For body 
Figure 4 –  Sample of facial expressions from the FACES 
database (Ebner et al., 2010). (1) Young male (identification 
number 066) with an angry expression; (2) Older female (id. # 
079) with a happy expression. 
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postures, happy postures led to non-threat judgements, but judgements based on fear and 
angry postures were not consistent.  
It was concluded that universally recognised facial expressions or body postures do not 
map directly to judgements of intent. Using such evaluation to investigate the effects of 
lighting, as suggested by Fotios and Raynham (2011), would therefore be confounded by 
the inconsistent responses and is unlikely to work.  
4. RECOGNITION OF EMOTION AND GAZE DIRECTION 
A third experiment was carried out to interpret how lighting may affect visual cues to 
inter-personal judgements (Fotios and Yang, 2013a). One part examined ability to 
recognise gaze direction (with head and eye movements), following suggestion that 
another person looking at you can be perceived to present a threat (Argyle et al, 1974). 
The second part again used facial expression and body posture targets but sought 
judgements of expression rather than threat intent. This was because the previous study 
did not suggest that judgements of intent based on these targets were repeatable. 
Target images were photographs of actors expressing a range of facial expressions, body 
postures and gaze directions, and these were used with permission from three databases. 
The FACES database is a set of images of naturalistic faces of 171 younger, middle-aged 
and older women and men, displaying each of six facial expressions: anger, disgust, fear, 
happiness, neutrality and sadness (Ebner et al., 2010). Twenty four images were used, 
these being six expressions from each of four targets: a young male, a young female, an 
old male and an old female. The BEAST database comprises 254 whole body postures 
from 46 actors expressing four emotions; anger, fear, happiness, and sadness (de Gelder 
and van den Stock, 2011). 16 images were selected, these being four postures from four 
target people, two males and two females. Note that in these images the target faces are 
covered by neutral shading. Gaze direction targets were selected from the head pose and 
gaze database developed by Institute of Neural Information Processing University of Ulm 
(Weidenbacher et al., 2007). Sixteen images of four target people were used, these being 
two males and two females with one male and one female wearing glasses. For each 
target person there were four combinations of head pose and gaze direction: straight or 
rotated head position and direct or averted gaze.  
Target stimuli, colour photographs of faces or bodies, were presented on a non-self-
illuminated screen (Pixel Qi® PQ3Qi-01, 10.1’’). It was subsequently found that at the 
low light levels of the current study the target images were apparently grey scale. The 
screen was observed inside a test booth (Figure 5), this designed to permit changes in 
luminance (by adjustment of an iris) and spectral power distribution (by changing lamp 
type) with negligible change in spatial distribution. The screen was placed on the floor of 
the booth and lit from overhead. It was observed from a distance of 0.65 m and this was 
fixed using a chin rest with forehead restraint.  
The sizes of target images were manipulated to represent different observation distances. 
These were 4 m, 10 m and 15 m for facial expression; 2 m, 4 m and 10 m for gaze 
direction; and 10 m, 30 m and 135 m for body postures. Six lighting conditions were used. 
There were two types of lamp, high pressure sodium (HPS; 2000K, S/P= 0.57, Ra = 25 
Ra) and metal halide (MH: 4200K, S/P = 1.77, Ra = 92). Three light levels were used, a 
luminance on the screen of 0.01 cd/m2, 0.1 cd/m2 and 1 cd/m2. 
Each trial started with 20 minute for adaptation and a series of practise trials. Responses 
were given using a button box, with one button for each of the available responses. The 
responses were emotions (anger, disgust, fear, happiness, neutrality and sadness) for the 
facial expression targets, similarly (anger, fear, happiness, and sadness) for the body 
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posture targets, and gaze toward or away from the observer (test participant) for the gaze 
direction targets. Each target was presented for 1000 ms, this being chosen to simulate 
the rapid observation of an unknown approaching person expected in real situations, with 
no time limit for input of the subsequent response. The sequence in which the three tasks 
(categorical perception of facial expression, body posture and gaze direction) were used 
was counterbalanced, and within each task the images with different sizes, and emotions 
or gaze directions, were mixed and presented in a semi-random order. 30 test participants 
completed the trial (16M, 14F); 15 were young (18-40 yrs old) and 15 older (40-65 yrs). 
 
 
 
 
 
 
 
 
 
 
These results are shown in Figure 6. As expected when using achromatic, centrally 
fixated tasks, there is little difference in performance between the HPS and MH lamps. 
As luminance increases, there is an apparent increase in probability of identifying 
emotion exhibited by facial expression or body posture; for gaze direction, luminances of 
0.01 and 0.1 cd/m2 lead to performance at the chance level, and a luminance of 1.0 leads 
to just above chance level performance. At 0.01 cd/m2 the only targets identified at above 
chance level were body postures at 10 m. Shorter inter-personal distances led to increased 
probability of identifying emotion exhibited by facial expression or body posture: this 
may be as expected due to the larger visual size subtended. For gaze direction, at low 
light levels (0.01 and 0.1 cd/m2) there is no apparent difference between the three 
simulated distances: for the higher light level (1.0 cd/m2) there is a higher probability for 
detecting gaze direction of the closer targets than the distant targets. 
If identification of gaze direction is important, these data suggest a need for target 
luminances of at least 1.0 cd/m2 to ensure probability of correct identification above the 
chance level. The facial expression and body posture data suggest a plateau-escarpment 
relationship, and the knee in these curves provides one estimate of minimum light level. 
The maximum identification probabilities found in the current data (73% for facial 
expression and 89% for body posture) approach those exhibited (81.3% for facial 
expression (Ebner et al, 2010) and 92.6% for body posture (de Gelder and van den Stock, 
2011)) when the databases were validated under good lighting conditions with longer 
exposure durations (4 s for body, unlimited for face). For facial expressions at 4 m this is 
somewhere in the range of 0.1-1 cd/m2 increasing to >1.0 cd/m2 for identification at 10m. 
For body posture, a luminance of 0.1 cd/m2 is needed for identification at 10 m.  
Repeating these trials using colour targets may reveal differences in performance 
between lamps and may affect performance thresholds. It is apparent that using these data 
to suggest design light levels requires further discussion as to which task(s) is the more 
critical and at which distance the critical task needs to be carried out. 
Figure 5 –  Section through 
apparatus used to observe target 
faces/bodies under different 
light settings. 
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Figure 6 – Average frequency for correctly 
identifying emotion from observation of the 
emotion and gaze direction.  
Emotion: four (body) / six (face) possible 
emotions and four target people for emotion: 
maximum frequency = 16 (body) / 24 (face); 
chance frequency = 4 for both targets.  
Gaze direction: two possible directions (toward 
or averted), two head pose and four target 
people: maximum frequency = 16; chance 
frequency = 8. 
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